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Introduction 
CHAPTER - 1 
INTRODUCTION 
Plants are nature's invaluable gift to mankind and provide a healthy 
environment and strong economic base. They are not only ecologically important but 
also provide aesthetic comfort. According to Lester Brown, Earth Policy Institute, 
Washington, the growth of the v^orld population at the rate of 78 million people a year 
would need 640 square miles of farmland for their food need. The diversity and extent 
of forests is declining. A fast developing industrial sector is neither available nor 
affordable for this large section of the population. To resolve the food security 
problem for the population of 9-billion in the coming 50 years, it has been realized 
that agricultural research and genetic modification could provide the key to that 
situation (Pereira 2008). 
India is one of the 12-mega biodiversity centers having about 10% of the 
world's biodiversity wealth which is distributed across 16 agro-climatic zones. 
A conservative estimate of the number of described species of plants in the 
world is over 4,00,000. Of these about 2,86,000 belong to the flowering plants and out 
of this about 17,000 species of higher plants are reported to occur in India. About 
1,000 plants have been used in the traditional system of medicine. The major concern 
is that most of the medicinally important plants are collected from the wild population 
and over 70% of the plant collection involves destructive harvesting mainly because 
of the use of plant parts like leaf, bark, wood and whole plants (Anis et al., 2009). 
Besides, the use of multipurpose plants has increased dramatically during recent years 
and many important species are specifically used for its multiple values. The increase 
in demand and ruthless collection of the multipurpose plants from natural habitat has 
resulted in depletion of valuable plant genetic resources. 
There is need for conservation of all useful plant species and also their 
cultivation, maintenance and assessment of germplasm for fiiture use. Conservation of 
plant species is possible through either in situ or ex situ means or preferably through a 
combination of both. 
The major constraints in in situ conservation of many plants include slow 
regeneration rates, over-exploitation and destruction of their natural habitats. Plant 
improvement for agriculture, forestry and ecological conservation by traditional 
methods has been a slow process, limited by slow growth and long life cycles. Recent 
years have seen successful implementation of Plant Biotechnology into many areas. 
Plant biotechnology has provided a large number of tools and techniques 
which are more efficient in generating novel genetic variability and making selection 
procedures more precise and reproducible. Since 1980, there has been an explosion in 
the development of genetic manipulation and biotechnology techniques. 
Biotechnology revolution is very relevant to the problems of food security, 
poverty reduction and environmental conservation in the developing countries 
(Serageldinl999). Plant tissue culture is also one of the important techniques of plant 
biotechnology. It involves growing of plant cells, tissues and organs in an artificially 
prepared nutrient medium under aseptic conditions. It is an important tool in both 
basic and applied studies as well as in commercial application. This technique led to 
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the application of tissue culture to five broad areas, cell behavior, plant modification 
and improvement, pathogen free plants and germplasm storage, clonal propagation 
and product formation. Plant tissue culture covers all types of aseptic cultures as 
shown belov '^; 
Embryo culture 
Cell culture **• 
Callus culture 
Seed culture 
• 
Plant Tissue Culture 
Meristem culture 
Protoplast culture 
Bud cu ture Organ culture 
Types of culture 
Tissue culture propagation is also a way to study the mechanism by which cell 
differentiates, thereby providing an experimental approach to link genotype with 
phenotype. Therefore, it is clear that plant tissue culture permeates plant 
biotechnology and cements together its various aspects; to a large extent the tissue 
culture revolution has occurred because of the needs of this new plant biotechnology 
(Cocking 1986). 
The major benefit of clonal propagation is to make large number of identical 
copies. Desirable stock plants can be chosen and thousands of high quality identical 
clones can be produced. In a tissue culture repository, the germplasm is conserved 
under normal growth conditions. Tissue cuhure often promotes genetic disturbances 
which resulted in somaclonal variation, thus greatly extending the range of useful 
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variation available to the breeder (Rout et al. 2000; Kukreja and Dawan 2000; Sevon 
and Oksman-Caldentey 2002). 
In India, in vitro conservation of vegetatively propagated medicinal and 
aromatic plants is being undertaken at the National Gene Bank of National Bureau of 
Plant Genetic Resources. Presently, more than 1900 accessions are being maintained 
under slow growth conditions in the in vitro repository. 
Table-1 In vitro regeneration of some multipurpose plants 
Plants 
Robinia pseudocacia 
Albizia odoratissima 
Bauhinia yahlii 
Bauhinia vahlii 
Bauhinia vahlii 
Pterocarpus marsupium 
Pterocarpus marsupium 
Acacia nilotica 
Acacia catechu 
Albizziafalcataria 
Albizzia julibrissin 
Azadirachta indica 
Azadirachta indica 
Explants used 
Shoot segments 
Cotyledonry node, 
Leaf and nodal 
explants 
Cotyledonary node 
Mature nodal 
segments 
Cotyledonary nodes 
Aseptic nodal explant 
Cotyledonary node, 
Shoots tips 
Cotyledonary node 
Cotyledons 
Cotyledons 
Root segments 
Cotyledons 
Mature seeds 
Response 
Callus Multiple 
shoots 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Multiple shoots 
Somatic embryo 
MuUtiple shoots 
Shoot buds 
Embryogenesis 
Somatic 
embryogenesis 
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1.1. In vitro techniques 
In vitro techniques are used mainly for the regeneration of organs or somatic 
embryos for propagation, virus elimination, transformation and regeneration of 
transgenic plants for improvement of plant traits. It is possible to achieve rapid 
propagation of selected elite genotypes and important varieties in a short time 
(Chalupa, 2002). Micropropagation is the first and major commercial application of 
tissue culture techniques. It is currently used for a large variety of herbaceous and 
woody plants species including forest tree, through enhanced axillary bud formation, 
organogenesis or somatic embryogenesis (Ziv and Altman 2003). Micropropagation 
of elite, selected or recalcitrant genotypes generally involve four distinct stages: 
explant establishment, regeneration and proliferation, rooting and acclimatization and 
finally transplanting ex vitro. In vitro techniques are already in progress to obtain crop 
plants having higher photosynthetic efficiency, improved fixation of atmospheric 
nitrogen, increased nutritional quality and greater tolerance of salinity, alkalinity, 
acidity, deficiency of nutrients and other stresses. However, for the last two decades, 
considerable success has been achieved with woody plants. These include both 
gymnosperm and angiosperms (Thorpe et al., 1990, Dunstan and Thorpe, 1986, 
Piqueras and Debergh, 1999). To date, a large number of protocols have been 
developed for micropropagation of woody plants but only a few have been 
demonstrated at field level. 
1.2. Current aspects 
The current emphasis and importance of plant biotechnology can be 
gleamed from the last three International Congresses on Plant tissue and cell culture 
and Biotechnology held at Israel in June 1998, United States in June 2002, and China 
in August 2006. The theme of the Israeli Congress was Plant Biotechnology and In 
vitro Biology in the 21*' century, at the U.S. Congress Plant Biotechnology 2002 and 
beyond and the theme of the last Congress was Plant Biotechnology & Sustainable 
Agriculture 2006 and beyond. The proceedings of all three conferences were 
developed through a scientific program that focused on important developments, both 
basic and applied in the areas of Plant tissue culture and molecular biology and their 
impact on plant improvement and biotechnology. Indeed, the advancements made in 
the last 100 years with in vitro technology have gone well beyond what Haberlandt 
and the other pioneers could have imagined. 
1.3. Barrier associated with woody plant tissue culture 
Woody plants are generally recalcitrant, having complex vegetative life cycle. 
Regeneration and multiplication is not easy in vitro, especially when explants are 
taken from mature trees (Thorpe and Harry 1990). Woody plants often secrete 
substances into the medium in response to wounding or excision which inhibits the 
growth and development of explants in vitro (Pierik, 1987); Bhardwaj and Ramawat, 
(1993), Anis et al., (2005), Husain et al., (2006, 2007, and 2008). The other serious 
problem with mature tissue is the contamination, thus hampering the progress of the 
cultures. 
The intricacies involved in the regeneration of woody multipurpose species 
have been completely elaborated periodically by Ahuja (1987), Thorpe et al, (1991), 
Aitken-Christie and Connet (1992), Dhar and Upreti (1999), Bhatt and Dhar ( 2000), 
Anis et al., (2005), Pandey, et al., (2006), Husain et al., (2006, 2007, 2008). 
The present experimental work was undertaken with an aim to standardize and 
develop a precise protocol for in vitro propagation and conservation of Bauhinia 
tomentosa L., an important ornamental flowering plant 
1.4. Bauhinia tomentosa L 
English name- "Saint Thomas Tree" or Yellow Bell Bauhinia 
Hindi name- Kachnar 
Family- Fabaceae 
Plant parts used- leaves, roots, seeds, pods, bark etc. 
Genus Bauhinia contains more than 200 species of flowering plants in the subfamily 
Caesalpiniodeae. 
The generic name commemorates the Bauhin brothers Jean (1541-1613) and 
Gaspard (1560-1624), the Swiss botanists, the two lobes of the leaf exemplify the two 
brothers and tomentosa is derived from tomentose, (with dense, interwoven hairs). 
1.4.1. Description 
Mediimi to large shrub or a small tree, up to 4m in height, branches with many 
twigs, bark grey and smooth becoming brown on the older stem. Leaves are divided 
into two lobes, each lobe is oval to elliptic, pale fresh green, flowers bell-shaped, up 
to 7 cm long, beautiful and distinctive, lemon-yellow petals. Fruit woody pod, pale 
brown, velvety, dehiscent, splitting on the tree. Seeds reddish. 
1.4.2. Distribution 
It is native of South Afirica, also found in Southern Kwazula- Natal to 
Maputoland, Mpumalanga as well as Mozambique, Zimbabwe and as far as India and 
Srilanka. In South Africa, it grows in forest, bushveld and the coastal bush. Trees 
grow in the shade or in full sun, can withstand light frost and drought hardly. 
Flowering time from September-November, young fruits appear in January and 
mature in June or later. 
1.4.3. Chemical composition 
The seed crude protein content 20.59%; crude lipid 10.87%; crude fibre 5.84% 
and calorific value 416.91 kcal. Seeds are rich source of minerals, albumins and 
glutelins are predominant seed protein. The total free phenols, tannins, DOPA (3, 4-
dihydroxy phenylalanine) and haemaglutination activity were also observed (Mohan, 
V-R, Janardhanan-K (1995). 
1.4.4. Uses 
1.4.5. Medicinal properties 
The dried leaves, flowers buds, decoction of roots and bark are medicinally 
used by African doctors. In India and Sri lanka, the root bark is used internally for 
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conditions of the large intestine. A decoction of the root bark is used as a vermifuge 
and an infusion of the stem bark as an astringent gargle for sore throats. The flowers 
are used as remedy for dysentery and diarrhea. The leaves constitute an ingredient of 
a plaster applied to abscesses, fruits are diuretic. The seeds are used in tonic and 
aphrodisiac in India, a paste of seed used for skin diseases, seeds also contain fatty oil 
called EBONY Oil. Decoction of the root bark is also used for abdominal troubles and 
as an anthelmintic. 
1.4.6. Other uses 
Due to attractive yellow flower, the plant is cuhivated in gardens, near pool. It 
contains prussic acid in the pods and flowers, which is fodder for cattle. The bark 
yields fibre, wood is used as fuel (Anonymous, 1988) and a yellow dye is obtained 
from leaves. 
Strategies to regenerate plants from tissue culture of legumes have been developed 
during the past few years. Few species of Bauhinia such as Bauhinia vahlii (Dhar and 
Upreti, 1999, Upreti and Dhar, 1996, Bhatt and Dhar 2000), Bauhinia purpurea 
(Kumar, 1992), Bauhinia variegata (Mathur and MukunthaKumar, 1992) and 
Bauhinia forficata (Mello et al. 2000) have been reported in tissue culture. But there 
is no previous report on in vitro studies in Bauhinia tomentosa L. Therefore, the 
present study was aimed to develop an in vitro propagation protocol of this valuable 
legume through tissue culture to establish regenerated plant in field condition. 
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1.5. Objectives 
The present experimental work was carried out to fulfill the following objectives: 
1. To establish and proliferate the axenic cultures from in vitro raised and mature 
explants. 
2. To formulate culture conditions for regeneration and multiplication from 
somatic tissues. 
3. To standardize the technique for rooting of regenerants. 
4. To acclimatize the plantlets and their establishment in ex vitro conditions. 
5. To optimize the technique for synthetic seed production and their conversion 
into plantlets. 
11 
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Historically, the pioneer step towards plant tissue culture was made by 
Henri-Louis Duhumel du Monceau in 1756, who during his pioneering studies on 
wound-healing in plants, observed callus formation (Gautheret, 1985). But the 
science of cell and tissue culture could be advanced after propounding the cell 
theory by Schleiden (1838) and Schwann (1839). This theory hold that the cell is 
the unit of structure and fiinction in an organism and capable to develop into 
complete plant. This idea was tested by several researchers but Vochting (1878) 
suggested the presence of polarity as a key feature that guide the development of 
plant fragments. 
In 1902, a German Botanist Gottlieb Haberlandt developed the concept of 
culture of single cells of Lamium purpureum and Eichornia Crassipes on Knop's 
solution with sucrose and observed obvious growth in palisade cells. Due to this 
endeavour, Haberlandt is regarded as the father of plant tissue culture. 
From 1902 to 1930 attempts were made for organ culture. Hannig (1904) 
isolated embryos of some crucifers Raphanus caudatus, R. landra, R. sativus 
successfully grew on mineral salts and sugar solutions under aseptic condition. 
Using a different approach Kotte (1922), a student of Haberlandt and Robbins 
(1922) succeeded in cuhuring isolated root tips. White (1934) has established 
successfully indefinite culture of tomato root tips using explants with meristematic 
cells. At the same time, in 1934 Roger Gautheret grew callus from cambial tissues 
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isolated from several woody plants including willow, sycamore. These were the 
first sustained dividing callus culture. 
In 1950s several important achievement were made. Steward and Reinert 
(1958) obtained regeneration in callus tissue culture of carrot. At the University of 
Wisconsin, Skoog and co-workers found out the role of cytokinins in tissue 
culture. Skoog and Miller (1957) advanced the hypothesis of organogenesis in 
cultured callus by varying the ratio of auxin and cytokinin in the growth medium. 
In early 1960s, the most significant break through in the field of plant tissue 
culture was the development of a defined culture medium which originally devised 
for the rapid growth and bioassay with tobacco callus (Murashige and Skoog 
1962). This medium contains almost all desired salt composition which is widely 
used to induce organogenesis and regeneration of various plants in cultured tissues. 
Even today, this is recognized as the most effective and commonly used medium 
in plant tissue culture. The shoot was formed with keeping the ratio of kinetin 
higher and root developed when ratio was lower. During this period, phenomenon 
of totipotency was fully developed by demonstrating that a single cell can divide 
and regenerate a whole plant (Vasil and Hilderbrandt 1965). Later, Maheshwari 
and his co-worker became actively engaged in in vitro techniques in 1960s and 
achieved landmark raising haploid through anther culture of Datura innoxia (Guha 
and Maheshwari, 1964, 1966). Thorpe (1980) reported de novo organogenesis by 
interacting auxin and cytokinins in the medium. Explants such as cotyledons, 
hypocotyls, callus (Thorpe 1980) and thin (superficial) cell layers have been used 
in traditional morphogenetic studies as well as to produce de novo organs and 
plantlets in many plant species (Murashige 1974,1979). 
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2.2. Micropropagation 
The use of tissue culture technology for the vegetative propagation of plants 
is the most widely used application of this technology and has been used with 
almost all classes of plants. There are three ways by which micropropagation can 
be achieved. These are enhancing axillary bud-breaking, production of 
adventitious buds directly or indirectly via callus and somatic embryogenesis 
directly or indirectly on explants (Murashige, 1974). Tissue culture techniques are 
being used with all types of plants, including temperate (Zimmerman & Swarts, 
1994) and tropical (Grosser, 1994). fruits, forest trees (Harry and Thorpe, 1994), 
and of course, ornamentals (Debergh, 1994). At present over 100 species of plants 
have been genetically engineered, including nearly all the major dicotyledonous 
crops and increasing number of monocotyledonous ones as well as some woody 
plants. The woody plants constitute a large number of economically important 
plants and many of them can not be propagated asexually (Murashige, 1974). The 
tissue culture of perennial and woody species, being difficult to yield quick results 
because of their in herent slow growing nature besides intractable regeneration 
potential, in addition to some other factors naturally prompted less effort. 
Micropropagation, presents considerable advantages being unrestricted by 
climatic conditions and for its possibility to afford a large number of plantlets from 
few explants and for requiring only limited space and consequently enables to 
rapidly set up new varieties. The rate of shoot bud proliferation and production can 
be enhanced multifold, thus obtaining significant number of plantlets as reported 
by Faisal et al. 2005a, and b; 2006 a and b, 2007, Siddique and Anis, 2007 a, b, c 
and d, Ahmad and Anis, 2007a and b, and Shahzad et al. 2007. 
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Micropropagation generally involves four distinct stages (Murashige 1974): 
Stage I: initiation of aseptic cultures 
Stage II: multiplication stages 
Stage III: rooting of w vitro formed shoots 
Stage IV: transfer of plants to greenhouse or field conditions (Transplantation). 
Debergh and Maene (1981) introduced the stage O, (preparation of explants 
making micropropagation a five stage process. Numerous factors such as seasonal 
fluctuation are reported to influence the success of in vitro micropropagation, 
(Upreti and Dhar, 1999). Poplars which were the first multipurpose trees to be 
regenerated in vitro (Winton, 1968), the first to be genetically transformed (Fillati 
et al., 1987) and the first to have a sequenced genome (Brunner et al., 2004). 
The in vitro growth and development of a plant is determined by a number of 
complex factors: 
1. The genetic makeup of the plant 
2. Nutrients; water, macro and microelements, and sugars. 
3. Physical growth factors; light, temperature, pH, O2 and CO2 
concentrations. 
4. Some organic substances: regulators, vitamins etc. 
2.2.1. Explants type 
The choice of tissue depends upon the ultimate goal of the tissue culture 
project. Any piece of the plant tissue can be used as an explant such as shoot 
apices, hypocotyls, epicotyls, mesocotyl, cotyledon, cotyledonary node, leaf and 
stem segments which have been known to possess the potential for shoot induction 
in aseptic culture (Bajaj and Gosal, 1981). Two sorts of plant material can be used 
for in vitro isolation, plants grown under controlled conditions in culture or growth 
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room and those grown outside, an explant if isolated from a plant grown outside, 
there is much greater chance of infection than those isolated from aseptic condition 
(Gautheret, 1959). Explant collected from mature field grown plants were found to 
be better for proliferation than in vitro grown seedlings in Adenocalymma allicea 
(Poomima and Shivamurthy, 2008), Strawberry (Bhatt and Dhar, 2000), Bauhinia 
forficata (Mello et al., 2000), Bauhinia variegata (Mathur and Mukunthakumar, 
1992), ^awhinia vahlii (Dhar and Upreti, 1999). 
However, success in in vitro regeneration of woody plants have been made 
through in various shrubs or trees belonging to the Fabaceae like Acacia salicina 
(Jones et al., 1990), Acacia sengeal (Badji et al., 1993, Gupta et al., 1994), A. 
nilotica (Singh et al., 1993), Acacia mearnsii (Beck et al., 1998 a, 1998b), 
Bauhinia vahlii (Upreti and Dhar, 1996, Bhatt and Dhar, 2000), Pterocarpus 
marsupium (Anuradha and Pulliah, 1999, Chand and Singh, 2004, Anis et al., 
2005, Husain et al., 2008, Hardwickia binata (Chand and Singh 2001). Besides 
CN and nodal segments, shoot tip explants have been successfully used for in vitro 
regeneration of Pterocarpus santalinus (Lakshmisita et al., 1993), Cercis 
canadensis (Mackay et al., 1995), Syzygium alternifolium (ShaValli Khan et al., 
1997) and Fragus grandifolia (Banker et al., 1997). 
It is very much clear from the literature that considerable research has been 
conducted on multipurpose plants and varying degree of plantlet regeneration have 
been achieved from various explants in different plant species. 
The physiological age of the explant and its developmental stage, as well as 
its size can determine the success of produce (George, 1996) Literature on trees 
clearly indicates that in most of the cases effect of plant grovrth regulators on 
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explant establishment, multiplication and percentage rooting have been studied. 
Other important factors such as season, explant collection time, explant type, 
source and age of explant have been explained in some multipurpose trees (Siril 
and Dhar, 1997, Dhar and Upreti 1999, Tiwari et al., 2002). 
2.2.2. Browning of the medium 
Some tissue have unpleasant characteristic of exudating brown/black 
pigments which on oxidation turn dark brown. These pigments are mainly 
composed of oxidized polyphenols and tannins which make the growth and 
development impossible. Explants taken from older specimen tend to produce 
more phenolics (Chalupa, 1987). Various types of antioxidants viz. polyvinyl 
pyrollidone (PVP) and ascorbic acid (AA) have been extensively used but not all 
are effective and some are only suited for short period interventions. PVP is a 
polymer which adsorbs phenol like substances (Johansson, 1983). PVP, and AA 
were used for preventing browning in Acacia catchu (Kaur et.al., 1998), citric acid 
and adenine sulphate was found effective in Acacia siniiata (Vengadesan et al., 
2003). Combination of citric acid and ascorbic acid were used for Bauhinia vahlii 
(Dhar and Upreti, 1999) and strawberry (Bhatt and Dhar 2000). 
Browning caused by photo activation at the base of shoots can sometimes 
be eliminated by keeping the shoot bases in darkness during culture. The browning 
in the medium can be prevented by wrapping the base of the tubes with aluminum 
foil, or by applying a thin layer of inactivated charcoal. 
2.2.3. Plant growth regulators 
Plant growth regulators are organic compounds naturally synthesized in 
higher plants, which influence growth and development. Apart from natural 
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compounds, synthetic compounds have been developed which correspond to the 
natural ones. These are collectively called growth regulators. The influences of 
plant growth regulators and their interaction in micropropagation of different plant 
species have been discussed by Faisal and Anis (2005, 2006, 2007), Ahmad and 
Anis (2007a), Ahmad et al., (2008), Husain et al., (2007, 2008). 
Cytokinins (BA, Kn, 2-iP and Zeat) are adenine derivatives, promote cell 
division, shoot proliferation and shoot morphogenesis (Miller and Skoog, 1953, 
Miller, 1961). They have essential role in differentiation and micropropagation of 
plant species. 
The cytokinin, N^-benzyladenine (BA) is most commonly used cytokinin 
for shoot induction and multiplication, the edge of BA over other cytokinins is 
well documented in many woody tree species including Swartzia 
madegascariensis, (Berger and Schaffiier, 1995), Sterculia urens, (Purohit and 
Dave, 1996), Dalbergia sissoo (Pradhan et al., 1998a) and Sesbania rostrata, (Jha 
et al., 2004). 
Kang et al., (1994) found BA as the most suitable growth regulator for 
producing multiple shoots from leaf explants m Fragaria X ananassa. The positive 
effects of BA have been reported in Pterocarpus marsupium (Anis et al., 2005, 
Husain et.al. 2008). Similarly, Sreelatha et al., (2007) reported micropropagation 
of Cassia siamea through aseptic nodal explants using BA. Rajeswari and Paliwal 
(2006) reported that among the various cytokinin, BA was able to induce the 
maximum number of shoots in cytoledonary node explants in Albizia 
odoratissima. 
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Bunn (2005) also reported that BA resulted in the highest shoot 
multiplication rates when compared to equivalent concentration of other cytokinins 
(Kn or Zeat) in shoot explants of Eucalyptus impensa. Saxena et al. (1998) 
observed that BA (0.5 mg/1) was most effective in inducing bud elongation and 
shoot development from apical and axillary bud explants in Psoralen corylifolia. 
Similarly, JayaKumar and Jayabalan (2002) investigated an efficient method for 
direct plantlet regeneration in Psoralea corylifolia by culturing nodal explants in 
MS medium containing 0.5 mg/1 BA. Beck et al., (1998a) reported that BA was 
significantly better than with all the other cytokinin and produced the greatest 
amount of shoots from ex-vitro nodal segment in Acacia mearnsii. 
The maximum number of shoots per CN explant was achieved using 22.2 
jiM of BA in Sesbania drummondii (Cheepala et al., 2004). In Simmondsia 
chinensis 20 i^M BA induced multiple shoots in nearly 100% of the nodal explants 
(Agrawal et al. 2002). 
Like other cytokinin, kinetin has shown positive effect on shoot 
regeneration and multiplication in various woody, medicinal and aromatic plant 
species. Dhar and Upreti (1999) reported that shoot proliferation, shoot number 
and shoot length was best in MS medium supplemented with 2.5 \xM kinetin +100 
mgl'' adenine sulphate in Bauhinia vahlii. Bhatt and Dhar (2000) also observed 
maximum number of shoots was obtained in MS medium supplemented with two 
cytokinin TDZ and kinetin in Bauhinia vahlii, Pattnaik and Debata (1996) also 
observed good effect of Kn in Hemidesmus indicus (L.) through axillary bud 
culture. In some cases a combination of cytokinin and adenine sulphate is 
favourable for shoot formation (Skoog and Miller, 1957). 
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Thidiazuron (N-phenyl-N-1, 2, 3-thidiazol-5-yl urea) has cytokinin like 
activity. Thidiazuron has been effective in low concentration to stimulate shoot 
formation (Sankhla et al., 1996, Binzel et al, 1996, Murthy et al., 1998). 
Thiazuron (TDZ) has been reported to stimulate shoot proliferation in 
several woody species. Use of TDZ for woody plant regeneration has been 
excellently reviewed by Huetteman and Preece (1993). This potent cytokinin has 
been used for most of the plant species Psoralea corylifoUa (Faisal and Anis, 
2006), Capsicum annuum (Ahmad et al., 2006b), Cyamopsis tetragonoloba 
(Ahmad and Anis, 2007a & b), Pterocarpus marsupium (Husain et al., 2007), 
Vitex negundo (Ahmad and Anis, 2007), Ocimum basilicum (Siddique and Anis, 
2007), Cassia angustifolia (Siddique and Anis, 2007c). Thidiazuron has been 
reported to induce somatic embryogenesis in Capsicum annuum (Khan et al., 
2006). 
TDZ has been used to induce shoot regeneration in several recalcitrant 
leguminous species Pisum sativum, Cicer arietinum, and Lens culinaris (Malik and 
Saxena, 1992) and from cytoledonary node explants and intact seedlings of 
Phaseolus vulgaris (Malik and Saxena, 1992). Siddique and Anis (2007a) reported 
direct organogenesis in Cassia angustifolia from the nodal explants on MS 
medium containing 1.0 jiM TDZ. 
A range of auxins along with cytokinin played an important role in 
multiplication of many woody species. (Table 2). Most commonly used auxins 
include a-naphthalene acetic acid (NAA), indole-3-acetic acid (lAA), indole-3-
butyric acid (IBA), 2,4-dichlorophenony acetic acid (2,4-D) and indole-3-
propionic acid (IPA). 
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Table 2-List of plants showing synergistic effect of auxin and cytokinin 
Plant Name 
Acacia mearnsii 
Acacia mearnsii 
Acacia nilotica 
Acacia catechu 
Acacia tortilis 
Albizzia chinensis 
A Ibizzia julibrissin 
Cassia angustifolia 
Cassia angustifolia 
Commiphora wightii 
Pterocarpus marsupium 
Pterocarpus marsupium 
Pterocarpus santalinus 
Pterocarpus santalinus 
Pterocarpus marsupium 
Sesbania sesban 
Sesbania drummondii 
Sesbania qradijlora 
Vitex negundo 
Vitex negundo 
Explants used 
ST 
AM 
CN 
ST 
CN 
PCS, DCS 
RT 
CN,NS,ST 
NS 
NS 
CN 
S,ST 
ST 
C 
CN 
HP 
AB 
C,S 
AB,ST 
NS 
References 
Huang etal., 1994 
Beck et al., 2000 
Dewan etal., 1992 
Kaur and Kant, 2000 
Nandwani, 1995 
Sinha et al., 2000 
Sankhla etal., 1996 
Agrawal and Sardar, 2003 
Siddique and Anis 2007a 
Barve and Mehta, 1993 
Chand and Singh, 2004 
Anuradha and Pullaiah, 1999 
Lakshmisita et al., 1993 
ArockiaSamy et al., 2000 
Anis et al., 2005 
Shankar and Mohan Ram, 1990 
Cheepala et al., 2004 
Detrez etal., 1994 
Vadawale et al., 2006 
Ahmad and Anis, 2007 
* NS-Nodal segment, AM-Axillary meristem, ST-Shoot tip, LE-Leaf explant, AB-
Axillary bud, CN-Cotyledonary Node, EP-Epicotyl, HP-Hypocotyl, IN-Intemode, S-
Stem, C-Cotyledon, MT-Mature tree, RT-Root segment, PCS-Petiolar cotyledonary 
segments. DCS-Distal cotyledonary segments. 
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2.2.4. Subculturing 
The ability to rapidly multiply shoot cultures in vitro is essential for the 
establishment of economically feasible regeneration system. Subculturing of the 
explants at regular intervals produced significant number of multiple shoots in a 
number of multipurpose tree species. Subculturing had a significant effect on shoot 
proliferation and highest shoot muUiplication as well as number of shoots were 
achieved during subsequent passages.The most obvious indication of the 
stabilization phase is that each subculture yields the same type of shoot culture 
(uniform and continuous growth rate and uniform appearance of the shoots) as was 
evident in the previous subculture. The period required for stabilization can vary 
widely depending on the plant and other factors. Some cultures can be stabilized 
after two to five subcultures. While others require more than 20 subcultures as in 
genus Acacia; frequent subculturing at constant intervals (25-30 days) made 
significant improvement in enhancing the number of multiple shoots. Two 
continuous subcultures favoured maximum shoot multiplication in Acacia 
mangium (Bhaskar etal.,1996) A. nilotica (ISingh et al.,1993j and A. cinuata 
(Dewan et al., 1992). 
Fracaro and Echeverrigaray (2001) reported that repeated subculture of 
shoot tip and node at 4 week intervals for eight months on the medium which 
enabled mass multiplication of shoots without any evidence of decline in Cunila 
galioides. 
Siddique and Anis (2007 a and b) evaluated the effect of subculture passage 
on shoot muUiplication of Cassia angmtifolia and reported highest rate of shoot 
induction upto fourth passage, and beyond which a gradual decline in 
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multiplication rate was noticed. Bhatt and Dhar (2000) reported that injurious 
effects of exudates on explants establishment was avoided by serial transfer of 
explant to fresh medium at an interval of 24, 48 and 96 hrs in strawberry. Upreti 
and Dhar (1996) also reported 25-35 shoots per explant after 5-6 times 
subculturing within six months in Bauhinia vahlii. Bhatt and Dhar (2000) observed 
that the number of microshoots obtained each time remained constant through the 
fourth subcultured in Bauhinia vahlii, sub culturing also decreases the effect of 
competition of the developing shoots for nutrients. Koblitz et al., (1983) 
subcultured micropropagated shoots of Cinchona ledgeriana and C. succirubra at 
weekly intervals and obtained 20,000 shoots from single apical meristem within 
one year. Similarly, Bajaj et al., (1988) observed 2200 plantlets of Thymus vulgaris 
from a single shoot grown in vitro for 5 months (four passages). Husain et al. 
(2007) found that the cultured mother explants exhibited the development of new 
shoots up to two culture passages and retained the same number of shoots. During 
third passage, shoot induction was poor, and mother explants turned brown in 
Pterocarpus marsupium. 
2.3. Root formation 
Considerable work has been done to achieve the rooting in different woody 
tree species. Rooting in various plant species greatly depend on the strength of MS 
medium with or without growth regulator. Half strength MS medium in the 
absence of plant growth regulator was found to be more effective for rooting when 
compared to fiill strength in Potentilla potaninii (He et al., 2006). However, in 
many plant species strength of MS medium did not affect the rooting frequency 
(Anis and Faisal, 2005, Pandey et al., 2006, Rajeshwari and Paliwal, 2006). 
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Auxin treatments are required in the medium to facilitate better 
rhizogenesis in many species like Dalbergia sissoo (Pradhan et al. 1998), Acacia 
species (Kaur and Kant, 1998), Albizzia species (Sinha at al., 2000), Pterocarpus 
marsupium (Anis et al, 2005), Acacia mearnsii (Beck et.al, 1998b), strawberry 
(Bhatt and Dhar 2000). MS or half strength MS medium with various 
concentrations of different auxins (lAA, IBA and NAA) was tested for the root 
induction in a number of plant species. Cheepala et al. (2004) reported higher 
percentage of root with IBA (0.24 - 2.46 i^M) in Sesbania drummundii. 
Sreelatha et al., (2007) observed that Vi MS medium fortified with IBA 
(0.25 mg/1) was best for in vitro rooting. The requirement of V2 MS medium with 
lAA for in vitro rooting has been reported in many woody species like 
Pterocarpus marsupium (Anis et al., 2005) and Dalbergia lanceolaria (Anand And 
Bir, 1984). However combination of NAA + IBA facilitated the well developed 
root system in Cassia siamea (Sreelatha et al., 2007) and Bauhinia vahlii (Dhar 
andUpreti 1999). 
In many plant species, a short period pulse treatment of the in vitro 
regenerated shoots with either NAA or IBA with various concentrations stimulated 
the root morphogenetic process (Anis et al., 2005, Husain and Anis, 2004, Pandey 
et al., 2006). 
Murashige (1979) reported that low salt concentration in the medium 
enhanced the rooting of microshoots. Various phenolic compounds 
(Phloroglucinol, chlorogenic acid and salicylic acid, also facilitate the in vitro 
rooting of recalcitrant leguminous species and phloroglucinol was found to be a 
most promotive phenolic compound in Pterocarpus marsupium (Anis et al., 2005, 
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Husain et al., 2007). The positive effect of phloroglucinol on rooting has been 
reported earlier Hammat and Grant, (1996), Zanol et al., (1998). 
2.4. Hardening and acclimatization: 
Hardening and acclimatization are crucial steps in achieving success in any 
micropropagation programme, micropropagated plant species when transferred 
from in vitro to ex-vitro conditions of greenhouse or field, show low survival or 
reduced growth rate due to sudden change in the environment (Eliasson et al., 
1994, Pospisilova et al., 1999). Mortality rate during ex-vitro transfer of plantlets 
can be reduced by manipulating physical and chemical environments during 
transplantation (Chaturvedi, 1992). A number of researches has been conducted to 
solve the various problems related to acclimatization such as relative humidity, 
high humidity increase the survival percentage of micropropagated plants (Kozai, 
1991). 
In Bauhinia vahlii (Bhatt and Dhar, 2000), plantlets with well developed 
roots were transferred to pots containing 90g (w/v) soiltrite + sand + soil (2:1:1) 
for hardening and were eventually established in natural soil. Swamy et al., (2004) 
showed better survival of in vitro regenerated plantlets of Albizia procera when 
hardened in vermiculite. 
In Sesbania drummondii (Cheepala et al., 2004) survival of 60% in vitro 
raised plantlets were recorded after acclimatization in room conditions. Similarly 
in strawberry (Bhatt and Dhar, 2000), plantlets with fully expanded leaves and 
well developed roots were transferred to a mixture of soilrite and sand (1:1) within 
two weeks of transfer into potting mixture. However, in Cassia angustifolia, the 
25 
maximum survival of plantlets was observed in soilrite (Siddique and Anis, 
2007a). 
Hardening of plants is done by gradually reducing the nutrient levels in the 
medium (Ziv, 1986). Acclimatization in vitro involves the exposure of the plants to 
reduced relative humidity and external environment without disturbing or injuring 
the delicate root or shoot system (Brainerd and Fuchigami, 1981, Ziv et al., 1983). 
There are several reports regarding soilrite and MS inorganic salt solution (1/2, 1/4 
strength) as the best substrate and irrigation medium, respectively for in vitro 
hardening (Purohit et al., 1998). 
2.5. Synthetic seeds 
Synthetic seeds offer a potential technology towards the use of somatic 
embryogenesis for large-scale propagation of plants through automation. To 
achieve the embryos formed in vitro are coated in a gel containing nutrients and 
other additives and designated as synthetic or artificial seeds (Demarley, 1986, 
Redenbaugh et al. 1984). Numerous studies have been undertaken in this area of 
plant biotechnology since the concept of artificial seeds was formulated by 
Murashige (1977). The production of synthetic seed assumes great significance in 
those crops where seeds are not produced or produced in small quantities. 
Artificial seeds prepared from shoot buds can be used for plant propagation 
as advocated by Rao and his associates (Kumar 2001). Similarly, some authors 
have tried to encapsulate shoot tips or axillary buds of different species with 
promising results (Bapat et.al., 1987, Mathur et al., 1989, Ganapati et al., 1992, 
Piccioni and Standardi, 1995, Danso Ford-Lloyd, 2003, Singh et al., 2006 and 
Faisal and Anis, 2007). 
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Antonietta et al., (1999) reported that the synthetic endosperm should 
contain nutrients and a carbon source for germination and conversion. Chand and 
Singh (2004) treated nodal segments of Dalbergia sissoo with IB A for 10 days, 
prior to encapsulation to allow root formation. In vitro axillary bud encapsulation 
under minimal growth of Eucalyptus grandis was also reported earlier (Watt et al., 
2000). 
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CHAPTER-3 
MATERIALS AND METHODS 
3.1. Plant material and explants source 
The mature fruits (fig.lA,B) of Bauhinia tomentosa L. were collected from 
superior genotypes maintained at the University campus. 
3.2. Culture medium 
Growth and morphogenesis of plant tissue in vitro are largely governed by the 
composition of culture media. A number of media have been devised for specific 
tissues and organs. The well known formulation of Murashige and Skoog (1962) was 
used in the present study as the primary basal medium. 
3.2.1. Basal Media Composition 
The different constituents of Murashige and Skoog (MS 1962) medium with 
their concentration used are given in table-3 
Table3- Nutritional composition 
Constituents 
Macronutrients 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Micronutrients 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
FeS04.7H20 
Na2EDTA.2H20 
Organic supplements 
Vitamins 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Myo-inositol 
Others 
Glycine 
Sucrose (g) 
of MS basal medium 
Amount (mg/1) 
370 
170 
1900 
1650 
440 
6.2 
22.3 
8.6 
0.25 
0.025 
0.025 
0.83 
27.8 
37.3 
0.5 
0.5 
0.5 
100 
2.0 
30 
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3.2.2. Preparation of stock solution 
The constituent of MS basal medium depicted in table-4 was divided into four 
groups, consisting of MS I (20X), MS II (200X) and MS III (lOOX) and MS IV 
(lOOX) except sucrose prepared by dissolving the required amount in measured 
volume of double distilled water. To prepare one liter of medium, 50 ml of stock 
solution I, 5 ml of stock solution II and 10 ml each of stock solution III and IV were 
taken. 
For each plant growth regulator, separate stock solution was prepared by 
dissolving it in a small quantity of appropriate solvent (IN NaOH or absolute alcohol) 
and then adjusted with double distilled water to the desired volume to make an overall 
concentration of 1 mM. The stock solutions were stored in refrigerator at 4*^ C and 
regularly checked for visible contamination. The different concentration of growth 
regulators used in the present study was prepared from stock solution by using 
following formula 
Where, 
SiV,= S2V2 
Si = 
V, = 
S2 = 
V2 = 
Strength of stock solution 
Volume of stock solution 
Strength of desired solution 
Volume of desired solution 
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Table 4- Stock solutions for MS basal medium 
Constituents 
Stock Solution I 
Macronutrients (20X) 
MgS04.7H20 
KH2PO4 
KNO3 
NH4NO3 
CaCl2.2H20 
Stock Solution II 
Micronutrients (200X) 
H3BO3 
MnS04.4H20 
ZnS04.7H20 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
KI 
Stock Solution III 
Iron Salt (lOOX) 
FeS04.7H20 
Na2EDTA.2H20 
Stock Solution IV 
Vitamins (lOOX) 
Myo- inositol 
Glycine 
Thiamine HCl 
Pyridoxine HCl 
Nicotinic acid 
Amount (mg/1) 
7400 
3400 
38000 
33000 
8800 
1240 
4460 
1720 
50 
5 
5 
166 
2780 
3730 
10000 
200 
50 
50 
50 
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3.2.3. Plant Growth Regulators and carbon source 
According to the experiments, MS medium was variously amended with plant 
growth regulators such as 6-benzyladenine (BA), 6-furfurylaminopurine (Kn), 2-
isopentenyladenine (2-iP), thidiazuron (TDZ), indole-3-acetic acid (lAA), indole-3-
butyric acid (IBA) and a- naphthalene acetic acid (NAA) at different concentration 
either singly or in various combination as specified in the results. The standard carbon 
source, 3% (w/v) sucrose was used in all the experiments. 
3.2.4. Adjustment of pH and gelling agent 
The pH of the medium was adjusted to 5.8 using IN NaOH or HCl on a pH 
meter (L613, Elico Pvt., India), before adding the solidifying agents which provide a 
support to tissues growing in static conditions. The medium was solidified with 
0.8% (w/v) agar by heating it in a microwave oven until a clear solution is 
formed. 20 ml nutrient media was then dispensed in 25x125 mm capacity of 
culture tubes (Borosil, India) and 50 ml in 100 ml capacity wide mouth 
Erlenmeyer flasks. According to the need of experiment, liquid medium on 
Whatman No.l filter paper bridge was also used.The culture vessels containing the 
medium were plugged with nonabsorbent cotton wrapped in single layer muslin 
cloth (cotton plugs). 
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3.3. Sterilization of Instruments and Glasswares 
All the glasswares, instruments (wrapped in aluminium foil) and distilled water 
were sterilized by autoclaving at 1.06 kg cm'^  for 20 min while the culture tubes and 
flasks containing media were autoclaved at the same pressure for 15 min. 
3.4. Sterilization of laminar airflow cabinet 
Laminar air flow hood (NSW, New Delhi) was sterilized by switching 
on ultraviolet (UV) light for 15 min, followed by wiping the working surface 
area with 70% (v/v) alcohol before starting any operation inside the cabinet. 
3.5. Surface sterilization 
3.5.1. Seeds 
The healthy seeds of Bauhinia tomentosa were isolated manually from the 
pods. The seeds were first washed with water and presoaked in distilled water for 24h 
to remove the chemical inhibitors to germination. Presoaked seeds were washed under 
running tap water for 30 min, treated with 5% (v/v) savlon ( a liquid dismfectant) for 
3 min, then immersed in 5% (v/v) Teepol (Qualigens, India) a neutral liquid detergent 
solution for 15 min, followed by through washing under tap water. Seeds were surface 
sterilized with freshly prepared 0.1% (w/v) mercuric chloride (HgCl2) for 5 min and 
finally rinsed 5-6 times with sterile single distilled water. 
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3.5.2. Nodal segment 
Young, healthy shoots of Bauhinia tomentosa were harvested from the plants 
growing at the University campus and washed thoroughly under running tap water for 
half an hour. Further operation was carried out as mentioned above. 
3.6. Explants 
The surface sterilized seeds were germinated on different strength (full, V2, and 
K2+GA3) of Murashige and Skoog (MS 1962) basal medium to raise aseptic seedlings. 
15 days old cotyledonary nodes and 20 days old nodal segments were used as explants 
for shoot bud induction and proliferation. 
Nodal segments were also collected from 2 years old plants during March- June and 
used as explants for establishing aseptic cultures. 
3.7. Inoculation 
Inoculations were performed under aseptic conditions of laminar airflow hood. 
Before starting the inoculation process, the hands were washed with 70 % (v/v) ethyl 
alcohol. The instruments were re-sterilized time to time during inoculation by dipping 
them in rectified spirit followed by flaming and cooling. Explants were transferred to 
petridishes and inoculated using sterilized forceps in culture vials followed by 
plugging with cotton plugs in quick succession. 
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3.8. Incubation 
All the cultures were maintained at 24 ± 2°C in a culture room under a 16-h 
photoperiod with a photosynthetic photon flux density (PPFD) of 50 \imo\ m" s' 
provided by cool white fluorescent lamps (40W, Philips, India). 
3.9. Subculturing 
For further proliferation, induced multiple shoots were subcultured onto the 
same fresh medium after every two weeks. 
3.10. Rooting 
The in vitro root induction was performed by transferring the individual 
microshoots on MS and V2 MS medium amended with root inducing hormones 
namely lAA , IB A and NAA in different concentration (100 y.M, 200 ^M and 300 
^M) and phenolic acids: phloroglucinol, chlorogenic acid (concentrations specified in 
results). Alternatively, the individual shoots were also rooted by employing two-
step culture procedure with the help of filter paper bridge (Whatman No.l). The 
microshoots were first pulse treated with different concentration (100, 200 and 300 
i^M) of root inducing auxin (IBA) for 24 h and then shoots were transferred to Y2 MS 
medium. Plantlets were transferred to pots containing sterile soilrite or 
vermiculite and transferred to the green house. Data on percentage of rooting 
and mean number of roots per shoot were recorded 4 weeks after 
transplantation. 
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3.11. Hardening and acclimatization 
Plantlets with well developed shoots and roots were removed from 
culture medium, washed gently under running tap water and transferred to 
plastic pots containing autoclaved soilrite (Keltech Energies Ltd., Bangalore ) 
under diffuse light (16/8 h photoperiod) conditions. Potted plantlets were 
covered with polythene bags to ensure high humidity and watered every 2 days 
with half strength MS sah solution for 2 weeks. The bags were opened after 2 
weeks in order to acclimatize plants and after 4 weeks, the plants were transferred 
to pots containing normal garden soil and maintained in green house. 
3.12. Synthetic Seed Production 
3.12.1. Plant material and explants source 
For encapsulation, explants such as nodal segments (2 mm long) were 
dissected aseptically from in vitro established (5 weeks old) cultures of Bauhinia 
tomentosa. 
3.12.2. Encapsulation matrix 
For encapsulation, 2, 3, and 4 % (w/v) sodium alginate (Qualigens, India) 
solution was prepared in MS medium. CaCl2.2H20 was also prepared at 25, 50, 75 
and 100 mM in distilled water. Both the gel matrix and the complexing agent were 
autoclaved at 1.06kg cm'^  for 15min after adjusting the pH to 5.8. 
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3.12.3. Encapsulation 
Encapsulated seeds were produced by mixing the single nodal segments from 
in vitro regenerated shoots into the sodium alginate solution and dropping them onto 
the calcium chloride solution. The droplets containing the explants were held for at 
least 30 min to achieve polymerization of the sodium alginate. The alginate beads 
were recovered by decanting the CaCl2.2H20 and washed three times with sterile 
liquid MS basal medium augmented with 3% (w/v) sucrose and transferred to 
sterile filter paper in petridishes for 5 min under the laminar airflow hood to 
eliminate the excess water. 
3.12.4. Planting media and culture conditions 
Encapsulation was accomplished by mixing the nodal segments from in vitro 
regenerated shoots of B.tomentosa into the sodium alginate. The alginate beads were 
collected, rinsed with sterile liquid MS medium and transferred to sterile filter paper 
in petridishes for 5 min under the laminar air flow hood to eliminate the excess of 
water and thereafter planted into flasks containing MS, V2 MS and MS medium 
supplemented with different concentrations of BA (0.5, 2.5, 5.0 7.5 and lO.OjiM) in 
combination with NAA (0.5^M). pH was adjusted to 5.8 prior to autoclaving at 
121°C for 15 min. All the cultures were maintained at 24 ± 2°C under 16h 
photoperiod with photosynthetic photon flux density of 50 i^ mol m'^ s'^  or low 
luminance provided by cool white fluorescent lamps. 
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3.12.5. Low temperature storage 
A set of encapsulated nodal segments were transferred to petridishes 
containing agar medium and stored in refrigerator and agar medium at 4°C. Different 
low temperature exposure time (0, 1, 2, 3, 4 and 5 weeks) was evaluated for 
regeneration. After each storage period, encapsulated nodal segments were cultured 
on half strength MS media supplemented with plant growth regulators (BA and NAA) 
for conversion into plantlets. The percentage of encapsulation of nodal segments 
forming shoots and roots were recorded after 8 weeks of culture to regeneration 
medium. The plantlets developed from encapsulated nodal segments were hardened 
off and acclimatized into field conditions. 
3.13. Chemical and glasswares 
Plant growth regulators like BA, Kn, 2-iP, TDZ, lAA, BA, NAA and gelrite 
were obtained from Sigma-Aldrich (St. Louis, USA). Macro, microsalts, agar, 
sucrose, sodium alginate and mercuric chloride were purchased from Qualigens, 
Merck; India. Glasswares, such as test tubes (25x150 mm), petridishes (17x100 mm), 
and wide mouth Erlenmeyer flasks (100 ml and 250 ml) were purchased from Borosil, 
India. 
3.14. Statistical analysis 
All the experiments had ten replicates per treatment and each experiment was 
repeated thrice. The effect of different treatments was quantified and data was 
analysed statistically using SPSS Ver-10 (SPSS Inc, Chicago, USA). The significance 
of differences among means were carried out using Duncan's Multiple Range 
Test at P = 0.05. The results are expressed as the means ± SE. 
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"ResuCts 
CHAPTER - 4 
RESULTS 
4.1. Establishment of aseptic seedlings 
The surface sterilized seeds were inoculated on different strength (full or YT) MS 
medium alone or in combination with GA3 (0.25-l.O^M). Among the different 
treatments the maximum percent (79%) of germination was recorded on V2 strength 
MS medium after 20 days of inoculation. (Table-5) (fig. ID). 
4.2. Direct shoot regeneration 
4.2.1. Effect of cytokinins 
Regeneration potential of cotyledonary node (CN) explants (fig.2A) were 
explored on MS medium supplemented with different concentrations of BA, Kn and 2-
iP (0.5, 2.5, 5.0, 7.5 and 10.0)iM). CN explants cultured onto a growth regulator free 
MS medium failed to induce shoots even after 6 weeks. 
Among the various concentrations of BA tested, the highest shoot regeneration 
frequency (84%) was observed on MS medium supplemented with BA (5.0(iM), which 
also induced the highest number (9.0 ± 0.63) of shoots (fig.2B,C) with shoot length 
(5.9 ± 0.71cm). Data were collected after 8 weeks of inoculation. 
Kn and 2-iP (0.5-10.0|iM) were also tested and it was observed that they were 
less effective in comparison to BA (5.0|iM), as they induced (4.6 ± 0.50) and (3.8 ± 
0.58) shoot per explant respectively after 8 weeks of culture (fig.2D,E) (Table-6). 
Therefore, BA was found more efficient than Kn and 2-iP in respect to the initiation 
and subsequent proliferation of shoots at the same concentration. The relative 
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Explanation of figure 1(A - D) 
A. & B. Two years old mature plant. 
C. Seeds of Bauhinia tomentosa. 
D. In vitro germinated seedlings ofB. tomentosa on Vi MS medium. 

Explanation of figure 2 (A-E) 
A. 15 days old cotyledonary node 
B. Multiple shoot induction and proliferation from cotyledonary node explants on MS 
+BA (5.0|iM), after 4 weeks of culture 
C. Growth and elongation of shoots on MS + BA (5.0}iM) after 8 weeks of culture, 
D. Direct multiple shoot regeneration from cotyledonary node on MS + Kn (5.0|j,M) 
after 4 weeks of culture 
E. Multiple shoots induced on MS + 2-iP (S.OfiM) after 4 weeks of culture. 

effectiveness of different cytokinins for multiple shoot formation revealed the order of 
effectiveness as BA > BCn > 2-iP. 
4.2.2. Effect of auxins and cytokinins 
The combined effect of BA, Kn, and 2-iP with different auxins (lAA and NAA) 
at various concentrations (0.1, 0.5 and l.O i^M) was evaluated and the morphogenetic 
responses are summarized in table 7&8. BA along with NAA was found to be the most 
effective combination for multiple shoot regeneration. The maximum number (16.2 ± 
0.20) of shoots per explant and shoot length (5.7 ± 0.49cm) were obtained in (96%) 
cultures at 5.0|iM BA with 0.5|aM NAA after 8 weeks of culture (fig.3A,B). Among 
the various concentrations of lAA with optimal concentration of BA tested, (88%) 
shoot regeneration frequency was recorded on MS medium containing BA (5.0|aM) 
and LAA (0.5 nM) (Table-8). Between the two auxins tested, NAA was found to be 
most effective. 
In order to improve shoot induction frequency, effect of Kn or 2-iP with two 
auxins (lAA and NAA) at various levels (0.1, 0.5 and l.OjxM) was also evaluated and 
results obtained have been summarized in table-8 (fig.3C,D). 
4.2.3. Effect of thidiazuron (TDZ) 
The CNs (1cm) were placed vertically onto the MS medium augmented with 
different concentrations (0.1, 0.3, 0.5 0.8 and 1.0 i^M) of TDZ which clearly 
influenced the induction and frequency of shoot bud formation. The highest shoot 
regeneration frequency (62%) with maximum number (6.8 ± 0.58) of shoots and shoot 
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Explanation of figure 3 (A - D) 
A. Multiplication of shoots fi-om CN explants on MS + BA (5.0|iM) + NAA (0.5|iM) 
after 4 weeks of culture. 
B. Proliferation of shoots regenerated from CN explants on MS + BA (S.OjiM) + 
NAA (0.5|iM) after 8 weeks of culture, 
C. Elongation and multiplication of shoots on MS + Kn (5.0^M) + NAA (0.5^M) 
after 8 weeks of culture. 
D. Multiplication of shoots on MS + 2-iP (5.0nM) + NAA (O.S^M) after 8 weeks of 
culture. 

length (2.3 ± 0.31cm) were observed in MS medium supplemented with 0.8nM TDZ. 
(Table-9) (fig.4A-C). 
In the present investigation the number of shoot buds induced per explant was 
quite sufficient but their elongation was not evident even after 8 weeks of culture. 
When the CN explants were cultured on a medium containing TDZ for more than 4 
weeks, fasciated and distorted shoots were formed. The problem of shoot elongation 
was overcome by transfer of shoot clusters to secondary mediimi lacking TDZ where 
the multiple shoots elongated after every subculture passage (fig 4D). The highest 
number of shoots per explant (6.8 ± 0.37) and shoot length (8.0 ± 0.31) were recorded 
during the first four subculture passages and declined in fifth subculture passage 
(fig.5). 
4.3. Direct shoot regeneration from nodal explants 
4.3.1. Effect of cytokinins 
The morphogenetic responses of nodal explants (fig.6A) evaluated to various 
cytokinins (BA, Kn and 2-iP) at different concentrations (0.5-10.0 ^M) showed a 
marked effect on multiple shoot induction. Multiple shoots buds were induced within 
3-4 weeks of culture and the maximum regeneration fi-equency (65%) was observed on 
MS medium supplemented with 1.5\iM BA which induced (6.4 ± 0.24) shoots with a 
shoot length of (4.7 ± 0.42cm) after 8 weeks of culture (Table-10) (fig. 6B). For 
further multiplication the cultures were subcultured onto the same medium at every 2 
weeks interval. 
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Explanation of figure 4 (A - D) 
A & B Culture showing shoot cluster derived from CN explants on MS + TDZ 
(0.8|iM) after 4 weeks of culture. 
C. Ibid after 6 weeks of culture. 
D. Elongation and multiplication of shoots on MS medium devoid of TDZ at fourth 
subculture passage. 
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I « 
1 
I 6 -
o 
I 2 
Mean number of shoots 
Mean shoot length (cm) 
Subculture passages 
Fig. 5. Effect of subculture passage on shoot multiplication and elongation from CN 
explants of B. tomentosa obtained from TDZ (0.8)iM) after being tested for five 
subculture passages on TDZ free MS medium. Bars represent the means ± S.E. 
MS medium supplemented with 7.5jiM Kn induced (4.2 ± 0.37) shoots per 
explant within 8 weeks while 2-iP at the same concentration produced (3.0 ± 0.31) 
shoots in (50%) cultures (table-10). Further increase in concentration did not improve 
any parameters and suppressed regeneration frequency, number of shoots and shoot 
length. 
4.3.2. Effect of combinations of auxin and cytokinin 
The optimal concentration of BA, Kn and 2-iP were tested in combination with 
either lAA or NAA at different concentrations (0.1, 0.5, l.O^M). Among different 
combinations tested 7.5|aM BA with 0.5^M NAA gave best result where (71%) 
cultures responded with a mean number (9.4 ± 1.02) of shoots per explant (fig. 6C) 
(Table-11). The percentage and number of shoots per nodal segment increased with the 
increasing concentration of NAA upto 0;5^M. However, reduced number of shoots 
per explants was observed at lower (0.1 |iM) or higher concentration (1.0|aM) NAA. 
However, presence of lAA (O.l-l.O^iM) with BA (7.5[iM) supplemented 
medium was less effective than NAA for shoot multiplication (Table-12). A maximum 
number (4.8 ± 0.37) of shoots per explant was observed at 0.5[iM LAA. 
Effect of Kn and 2-iP with both auxin (lAA and NAA) was also evaluated. 
Among different treatments tested, 7.5^M Kn with O.S^ iM NAA gave (6.6 ± 0.40) 
shoots with (2.9 ± 0.38cm) shoot length (Table-11). However, presence of lAA (0.1-
l.O i^M) with Kn (7.5nM) supplemented medium was less effective in cmparison to 
BA. A maximum number (3.4 ± 0.24) of shoots per explant was observed at 7.5fiM Kn 
along with 0.5|iM lAA. 
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Similarly when optimal concentration of 2-iP (7.5)aM) was tried with various 
concentration of lAA or NAA (O.l-l.O^iM), a maximum (5.2 ± 0.37) of shoots per 
explant was obtained in a combination of 7.5nM and O.S^ iM NAA. 
4.4. Direct shoot regeneration in field grown nodal expiants 
4.4.1.£ffect of season 
Seasonal fluctuation significantly affected the proliferation potential of the 
expiants. Browning was the major obstacle in the establishment of cultures. Expiants 
collected during the growing season (March to June) exhibited the best response (69%) 
not only in terms of the frequency of bud break but also in shoot vigour. The 
percentage establishment of cultures declined gradually during the subsequent months 
and found to be seriously contaminated. 
To check the browning of expiants a variety of antioxidant were used. 
-50 mg L'* Ascorbic acid (AA) 
-50 mg L'^  Polyvinylpyrrolidone (PVP) 
-50 mg L'' Casein hydrolysate (CH) 
Expiants agitated in a solution of 50 mg L'^  ascorbic acid (AA) or Casein 
hydrolysate (CH) for 15 min before HgCl2 treatment showed no reduction in browning. 
A minimum reduction in browning was observed when nodal expiants treated with 
polyvinylpyrrolidone (PVP) at 50 mg L'^  but the effective resuh was observed after 
subculturing at every 2 weeks interval. 
43 
4.4.2. Effect of cytokinins 
Field grown mature nodal explants failed to respond on hormone free MS 
medium. Explants were placed onto MS medium supplemented with various 
cytokinins (BA, Kn and 2-iP) at varying concentrations (0.5, 2.5, 5.0, 7.5 and lO.O i^M) 
and data was collected after 8 weeks of culture. BA at 5.0^M exhibited maximum 
regeneration frequency (69%) with higher number (7.0 ± 0.31) of shoots and shoot 
length (2.6 ± 0.3Ocm) (fig. 6D). BA was found to be the most effective among other 
cytokinins. 
The analysis of variance revealed that morphogenesis of the explant was 
significantly influenced by cytokinin type, concentration and their interaction. 
The addition of Kn and 2-iP significantly reduced the number of shoots in comparison 
to BA (Table-13). 
4.4.3. Effect of auxins and cytokinins combination 
The morphogenetic response of different cytokinins (BA, Kn and 2-iP), 
combination with two auxins (LAA or NAA) was evaluated. 5.0nM BA in combination 
with 0.5|aM NAA gave optimum result where (86%) regeneration frequency with 
maximum number (10.0 ± 1.37) of shoot and shoot length (5.2 ± 0.78cm) was 
observed (Table-14) .While the combined treatment of BA (5.0nM) with lAA (0.5nM) 
was less effective than NAA (0.5|iM) for shoot multiplication (Table-15). 
Kn or 2-iP was also tried with various concentrations (O.l-l.OjiM) of LAA and 
NAA and the results are depicted in table 14 & 15. 
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4.4.4. Effect of subculturing and additives 
4.4.5. Adenine sulphate (Ads) 
To increase the number of shoots and their proliferation, shoot clumps were 
subcultured onto a fresh medium augmented with Ads (50 mg L"^ ) at every 2 weeks 
interval. 
The frequency of shoots produced was thus remained the same upto three 
culture passage. In present study addition of (50 mg L'^ ) Ads to the medium containing 
5.0|iM BA and O.S^ iM NAA was found to give the best response ui terms of shoot 
proliferation where a maximum of (12.0 ± 1.37) shoots per explant were observed 
(fig.6E). 
4.5. In vitro rooting 
To obtain complete plantlets the regenerated shoots must be rooted. In vitro 
raised shoots were excised separately and treated to different rooting medium. 
MS (Full and half strength) medium without any growth regulator failed to 
induce root formation even after 4 weeks. To facilitate the development of root MS, 
(full and V2 strength) medium augmented with different auxins (lAA, IBA and NAA) 
separately at different concentration (0.1, 0.5, 1.0^M) with varying percentage of 
sucrose 1%, 2 %, and 3 % but only one to two roots with profuse callus was observed 
even after 12 weeks of culture (Table-16). These roots were not capable to develop 
healthy plantlets. Therefore, other experiments were conducted for in vitro rooting. A 
two step procedure was tried. The excised shoots (5 cm) were first pulse treated with 
IBA at different concentrations (100, 200 and 300^M) for 24 h, followed by 
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Explanation of figure 6 (A - E) 
A. Aseptic nodal segments ofB. tomentosa 
B. Multiple shoot induction from aseptic nodal segment on MS + BA (7.5iiM) after 4 
weeks of culture. 
C. Shoots multiplication from nodal explant in MS medium augmented with BA 
(7.5|aM) and NAA (0.5 ^ M) after 8 weeks of culture. 
D. Shoots multiplication from field grown nodal explants in MS medium augmented 
withBA(5.0^M). 
E. Shoots proliferation and elongation in MS + BA (S.OjiM) + NAA (0.5piM) + Ads 
50 mg L'' after 8 weeks of culture. 

transferred in V2 MS medium with 2% sucrose. But no satisfactory result was obtained 
as only (60%) microshoots of 200 |iM IBA pulse treated got rooted on V2 MS within 8 
weeks and they had only two to three thin roots per shoot (Table-17). 
The percentage of rooting was markedly enhanced by augmenting MS liquid 
medium with a phenolic compound, chlorogenic acid at different concentrations (0.5, 
2.5, 5.0, \iM) along with IBA (2.5 ^M) on filter paper bridge. All the three 
concentrations of chlorogenic acid stimulated in vitro rooting in combination with IBA 
within 15 days of moculation. A maximum frequency of root formation (70%) and the 
highest number (9.6 ± 0.50) of roots with maximum root length (2.3 ± 0.35 cm.) were 
achieved on MS medium supplemented with 5.0)aM chlorogenic acid and 2.5 i^M IBA 
after 4 weeks (Table-18) (fig.7A-C). The incorporation of phenolic acids with IBA 
enhanced the rooting significantly as compared to IBA alone. 
4.6. Acclimatization 
Plantlets with fully expanded leaf and well developed roots (fig.8A,B) were 
successfiiUy hardened off inside the growth room in a selected planting substrate 
(soilrite) for 4 weeks and eventually established in natural soil. The percent survival of 
in vitro raised plants was (85%) in soilrite and about (75%) plantlets survived when 
transferred from soilrite to natural soil (fig.8C). The plants appeared morphologically 
uniform with normal leaf, shape and growth patterns. 
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Explanation of figure 7 (A - C) 
A. In vitro rooted plantlet of 5. tomentosa on MS + chlorogenic acid (5.0|aM) + IBA 
(2.5 }iM) employing filter paper bridge technique after 4 weeks of culture. 
B. Plantlet with well developed roots and shoot. 
C. Plantlets showing well developed roots and shoot before transplantation. 

Explanation of figure 8 (A - C) 
A. & B. Hardened plantlets of 5. tomentosa after 4 weeks. 
C Acclimatized plants in green house after 8 weeks. 

4.7. Synthetic seeds 
4.7.1. Effect of Encapsulation Matrix 
Formation of encapsulated beads in respect to shape, texture and transparency, 
depend on different concentration of sodium alginate (2, 3, and 4%) with calcium 
chloride (25, 50, 75, 100 and 200 mM). A 3% sodium alginate withlOO mM calcium 
chloride produced clear and uniform beads within ion exchange duration of 30 min 
(fig. 9A). Higher concentration of sodium alginate was not suitable as resuhing beads 
were hard and showed delay in germination and at lower concentration (2%), beads 
were too soft to handle. 
4.7.2. Response of alginate encapsulated nodal segments 
Aseptic nodal segments encapsulated in 3% sodium alginate and 100 mM 
calcium chloride exhibited shoot regrowth after 3-4 weeks of incubation (fig. 9B) on 
MS medium supplemented with different concentration of BA (0.5, 2.5, 5.0, 7.5, 10.0 
|iM) along with NAA (0.5|iM). MS medium augmented with BA (5.0nM) and NAA 
(0.5 )u,M) gave maximum fi-equency (63%) of conversion of encapsulated nodal 
segment into plantlets with mean number (4.6 ± 0.33) of shoots after 8 weeks of culture 
(Table-19) (fig.9C). The regenerated shoots were successfiiUy rooted in liquid MS 
medium augmented with 2.5^M IBA and 5.0^M chlorogenic acid on filter paper bridge 
(fig.9D). 
4.7.3. Low temperature storage 
Storage time (0, 1, 2, 3, 4 & 5 weeks) was also found to influence the 
regeneration frequency of encapsulated nodal segments at 4°C" The synthetic seeds 
47 
o 
a 
.2 
'S 
(U 
> 
c 
o 
o 
o 
< 
00 
< 
CQ aj 
o 2 
.2 S 
2 o 
o > 
"2 »-
G C 
u o 
^ s 
ON 
o 
d ^ 
V O 
o 
"S. 
o 
^d 
V 
«9 
d 
o 
a 
V3 
a> 
u 
o 
o 
)>. 
>• 
d 
o 
U 
CQ 
u 
H 
CO 
d 
-H 
p 
<N 
en 
en 
d 
-H 
^ 
CN 
d 
-H 
p 
en 
.A 
cn 
en 
d 
-H 
rn 
cn 
en 
en 
d 
-H 
vo 
^" 
m 
cn 
d 
-H 
vo 
cn 
"1 
d 
-H 
p 
cn 
cn 
cn 
cn 
-H 
cn 
cn 
cn 
r-H 
-n 
cn 
cn 
X I 
d 
-H 
vo 
d 
x> 
T - H 
-H 
vq 
• ^ 
C9 
o p 
cn 
-H 
p 
cn 
cn 
cn 
d 
-H 
cn 
ON 
!8 
.—1 
+1 
vq 
CA 
IT) <o W-) un "'^ 
0 0 0 0 3 ^ 
Z Z JS Z ^ 
+ 
i n l o 
+ + 
^ d 
o <N m 
< < < < < 
PQ 0Q P3 PQ 03 
+ + + + . + 
C« 0 3 C/5 C/3 C/3 
S ^ S S S 2 S 
!ZJ 
o 
a 
CO 
C 
o o 
.s 
2 
>> 
it 
<u 
^ -M 
-H 
• 4 - * 
C 
« 
c/} (U 
v« 
o, 
H 
V3 
<u 
_2 
"« 
> 
e 
c« 
0 C 3 
Q 
00 
_c 
'S 3 
>o 
p 
d 
II 
w 
stored at 4°C for a period of 4 weeks resulted in maximum conversion frequency (71%) 
with an induction of (7.6 ± 0.66) shoots after 8 weeks of culture under in vitro 
conditions on MS medium supplemented with BA (5.0)iM) and NAA (O.SjiM). 
However, the development of plantlets by encapsulated nodal segments decreased as 
the period of storage increased beyond 4 weeks (Table-20). 
4.7.4. Establishment of plantlets in soil 
Plantlets with fully developed shoots and roots were removed from culture 
medium washed carefully to remove culture remnants, transferred to thermocol cups 
containing sterile soilrite and covered with polythene bags. After 4 weeks they were 
transferred to pot containing normal garden soil and mamtained in green house (fig.9E). 
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Discussion 
CHAPTER-5 
DISCUSSION 
Micropropagation offers means of rapid and mass multiplication of the existing 
stock of germplasm for biomass production and conservation of rare and threatened 
species (Bonga and Durzan 1987, Gupta et al, 1993, Husain and Anis 2004, Anis et 
al., 2005) 
Leguminous plants have greater application from economic and ecological 
point of view. It is necessary to apply tissue culture technique for their rapid 
muhiplication. During recent years, a number of woody legumes have been 
successfully propagated in vitro using juvenile as well as mature plant parts (Trigiano 
etal., 1992). 
5.1. Direct shoot regeneration 
Explants of 5. tomentosa failed to develop shoot buds in growth regulator free 
medium. Various cytokinins (BA,Kn and 2-iP) were tested to fascilitate bud initiation. 
In the present study, BA was proved to be most effective than other cytokinins. 
Maximum shoot bud induction from CN, aseptic nodal as well as field grown nodal 
explants was obtained on MS medium supplemented with BA at a concentration of 
5.0 |iM, 7.5 |aM and 5.0 |aM respectively. The superiority of BA over other cytokinins 
in tissue culture has been well documented in fabaceous plants viz. Acacia mearnsii 
(Beck et al., 1998), Albizia chinensis (Smha et al., 2000), Ceratonia siliqua (Romano 
et al., 2002), Cassia angustifolia (Agrawal et al., 2003), Sesbania drummondii 
(Cheepala et al, 2004), Seshania rostrata (Jha et al, 2004), Pterocarpus marsupium 
(Chand and Singh 2004, Anis et al , 2005). 
Increase in concentration of BA beyond optimal level had a negative effect 
and exhibited reduction in regeneration frequencies and shoots number from each 
explant. Reduction in shoot number at concentration higher than optimal level has 
also been reported in Albizia chinensis (Sinha et al., 2000), Pterocarpus marsupium 
(Anis et al., 2005)' 
The combination of auxins (lAA and NAA) with optimal concentrations of 
cytokinin was also studied for their ability to effect the shoot induction and 
muhiplication rate and to optimize the medium composition for maximum plantlet 
regeneratioa LAA and NAA tested were capable of inducing more than 75% explants 
to respond positively and the combination of 5.0p.M BA with 0.5|iM NAA was found 
to be the best combination in CN and field grown nodal explants. However in case of 
aseptic nodal 7.5 nM BA along with 0.5|j,M NAA gave the maximum result. The 
synergistic effect of BA along with NAA has been demonstrated in Strasberry (Bhatt 
and Dhar, 2000), Terminalia arjuna (Pandey 2006). The results corroborate with the 
earlier findings of several workers, who reported the addition of low level of auxin 
with cytokinin promoted shoot induction and proliferation as in Wrightia tinctoria 
(Purohit and Kukda, 1994), Acacia catechu (Kaur et al., 1998), Strawberry(Bhatt and 
Dhar, 2000), Psoralea corylifolia (Anis and Faisal 2005), Terminalia arjuna (Pandey 
2006). 
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However, in Holstemma ada-Kodien (Martin 2002), Cassia angustifolia 
(Siddique and Anis, 2007), the best combination among various auxins and cytokinins 
were observed on a medium containing BA + lAA and TDZ + lAA respectively. 
In addition to other cytokinins, a considerable effect of TDZ was observed on 
Bauhinia tomentosa. TDZ could be substituted for adenine-type cytokinins in various 
cell culture systems including both callus cultures and micropropagation of many 
woody plants. Its mode of action may be attributed to its ability to induce cytokinin 
accumulation (Victor et al., 1999) or to enhance the accumulation and translocation of 
auxin (Murch and Saxena, 2001). In the present study, cotyledonary node (CN) 
explant cultured on MS medium supplemented with different concentrations of TDZ 
and maximum shoot regeneration frequency (62%) was achieved at 0.8|iM TDZ. 
Similar results have also been reported for axillary shoot proliferation in several 
woody plant species (Huetteman and Preece 1993, Lu et al., 1993, Upreti and Dhar 
1996, Khurana et al., 2005, Ahmad et al., 2006 a and b, Siddique and Anis 2006, 
Ahmad and Anis, 2007). 
The regeneration frequencies and number of shoots declined with an increase 
or decrease in TDZ concentration beyond the optimal level. The continuity of TDZ to 
CN explants resulted in the formation of fasciated or distorted shoot buds. The serious 
effect of continued presence of TDZ has also been reported on the growth and 
multiplication of Cassia angustifolia (Siddique and Anis, 2007a), Rhododendron 
(Preece and Imel, 1991), Dalbergia sissoo (Pradhan et al., 1998a). 
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This problem was overcome by transferring the TDZ exposed cultures to TDZ 
lacking MS medium. Subculturing had a significant effect on shoot muitiplication.The 
highest rate of shoot per cotyledonary node explant was observed upto fourth culture 
passage and beyond which a gradual decline was noticed. These results corroborate to 
the previous reports for Pterocarpus santalinus (Arockia Samy et al., 2000), Syzygium 
cuminii (Jain and Babbar, 2000). In contrast, TDZ was found to be least effective and 
yielded low shoot in comparison to other cytokinin in Bauhinia tomentosa. Low effect 
of TDZ has also been reported on Vitex negundo (Sahoo and Chand, 1998). 
The multiplication and establishment of microshoots were further improved by 
the supplementation of Ads to the aforesaid optimal combination. Adenine in the form 
of adenine sulphate can stimulate cell growth and greatly enhanced shoot formation 
(Murashige 1974). It provides a good source of nitrogen to the cell and can generally 
be taken up more rapidly than inorganic nitrogen (Thom et al , 1981). Ads reported to 
exhibit synergistic effect with other cytokinins and the strategy of using Ads as an 
adjuvant has been adopted effectively for many woody plant species including 
Tectona grandis (Devi et al., 1994), Bauhinia vahlii (Dhar and Upreti, 1999), 
Jatropha curcus (Rajore and Batra, 2005). 
In vitro regeneration from field grown explant has been observed to be difficult 
due to several inherent problems such as severe microbial contamination, seasonal 
morphogenetic variation, having slow growth capacity and browning of medium 
(Purohit and Kukda, 1994, Quraishi and Mishra, 1998, Agrawal et al., 2002, Kumar et 
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(Purohit and Kukda, 1994, Quraishi and Mishra, 1998, Agrawal et al., 2002, Kumar et 
al, 2005). Browning was one of the major obstacle in the establishment of culture of 
Bauhinia tomentosa. This problem was circumvented by using some adjuvants 
polyvinylpyrrolidone (PVP), casein hydrolysate (CH) and ascorbic acid (AA). 
Presoaking of nodal explants in antioxidant solution has been suggested to control 
browning in guava (Amin and Jaiswal 1987), Prosopis cineraria (Shekhwat et al., 
1993). 
The effect of other treatment like distilled water (Cress well et al., 1982) and 
PVP (Amin and Jaiswal, 1988) have proved to be effective but in present study, 
minimum reduction in browning was observed, using the above treatment (PVP, CH 
and AA). 
Our work clearly shows that seasonal changes greatly influenced the in vitro 
response. Plant material collected during March to June gave the maximum response. 
The percentage establishment declined gradually during the subsequent month. March 
to June is considered to be the active growth phase to establish culture. The better 
response of actively growing shoot buds over dormant buds have been reported by 
(Siril and Dhar, 1997, Husain and Anis, 2004, Kumar et al.,2005).Thus, seasonal 
changes seem to be one of the major critical factor in the establishment of culture. 
Such findings have earlier been reported by Tisserat (1985), Prasad and Chaturvedi 
(1988) and Dhar and Upreti (1999). 
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5.2. Rooting in regenerated shoots 
Rooting of in vitro regenerated shoots and transplantation of the plantlets to the 
field is the most important, crucial and essential step, but difficult task in tissue 
culture of Woody trees. In the present study, optimization of rooting response of 
tissue culture raised microshoots of 5. tomentosa was achieved using different growth 
regulators at varying concentration. Adventitious rooting has been considered and 
manipulated as a single phase process in which auxin is reported to play major role 
(Bellamine et al., 1998). In case of B. tomentosa, auxins (lAA, IB A and NAA) 
exhibited differential response for rhizogenesis and IB A (1.0|^M) was found better as 
compared to lAA and NAA in stimulating adventitious root formation. IBA has been 
observed to induce strong rooting response and has been extensively used to promote 
rooting in a wide range of plant and woody species (Thakur et al., 1998, Siddique and 
Anis 2007a and b). 
Rooting of the shoots can be promoted by low concentrations of auxins (Mott, 
1981, Amerson and Mott, 1982).The higher concentration of auxins caused callus 
induction at the base of shoots with roots. The callus formation with roots reduces the 
survival rate of m vitro raised plantlets (Nemeth, 1986). 
In another experiment, the microshoots were rooted by a two step culture 
procedure; involving a strategy of giving pulse treatment of an auxin (IBA) at 
different concentration (lOO i^M, 200|iM and SOO i^M) for 24 h, followed by transfer of 
such treated shoots to hormone free V2 MS medium. The two step culture procedure 
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has been use in many tree species such as Pterocarpus marsupium (Anis et al., 2005), 
Prosopis cineraria (Shekhwat et al., 1993), Ceratonia siliqua (Romano et al., 2002), 
Rauvolfia tetraphylla (Faisal and Anis 2002). 
The percentage of rooting was markedly enhanced by augmenting the medium 
with a phenolic compound, chlorogenic acid at different concentration along with 
IBA. A maximum frequency 70% of root formation and the highest number (9.6 ± 
0.50) of roots with maximum root length (2.3 ± 0.35) was achieved on MS medium 
with IBA (2.5|a,M) and chlorogenic acid (5.0|iM). The promotive effect of phenolic 
compound has been identified in several woody plant species including Pterocarpus 
marsupium (Husain et al., 2007), Malus pumila (James, 1983, Zanol et al., 1998). 
5.3. Acclimatization 
Hardening and acclimatization are crucial steps in achieving success in any 
micropropagation programme. Micropropagated tree species when transferred from in 
vitro to ex vitro conditions of green house or field show low survival or reduced 
growth rate due to sudden changes in environment (Eliasson et al., 1994, Pospisilova 
et al., 1999). The special conditions during in vitro culture resulted in the formation of 
plantlets of abnormal morphology, anatomy and physiology. When in vitro raised 
plantlets are transferred to a relatively less humid external environment they undergo 
desiccation and death (Selvapandiyan et al., 1988). So they need a period of 
acclimatization to overcome these abnormalities. In the present study, the rooted 
plantlets of B. tomentosa were successfully hardened off inside the growth room in 
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selected planting substrate. The plantlets were covered with transparent polythene 
bags to maintain high humidity and also to prevent desiccation with the control 
temperature, photoperiod and irradiance. These were then transferred from soilrite to 
garden soil after 4 weeks. 
5.4. Synthetic seed 
Somatic embryos formed in vitro are coated (encapsulated) in a gel containing 
nutrients and other additives are designated as synthetic or artificial seeds (Demarly, 
1986, Redenbaugh K et. al.,1984).The encapsulation of/« vitro derived axillary buds 
has been employed in recent years to develop synthetic seeds in many plant species 
like Eucalyptus grandis (Watt et al, 2000), Quercus species (Tsvetkov and Hausman, 
2005), Morus species (Kavyashree, 2006), Tylophora indica (Faisal and Anis, 2007). 
In the present investigation, the potential of alginate encapsulated nodal 
explants of Bauhinia tomentosa for propagation as well as effect of cold storage on 
conversion frequency and number of shoots were evaluated. An optimal concentration 
exchange between Na"^  and Ca^"*" producing firm, clear, isodiametric, beads was 
achieved using a 3% of sodium alginate upon complexion with 100 mM calcium 
chloride. 
Combination of BA with NAA was found suitable for in vitro conversion of 
encapsulated beads into young shoootlets in Bauhinia tomentosa. Conversion into 
complete plantlets was achieved after 8 weeks of culture on the same medium. This is 
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in accordance with the finding of Mathur et al., (1989), Kavyashree et al., (2006) and 
Singh et al., (2006). 
The percentage development of plantlets from encapsulated nodal segments 
decreased as the period of storage mcreased beyond 4 weeks. The decline in the 
conversion response observed in a synthetic seed stored for a period of 5-6 weeks may 
be due to inhibited respiration of plant tissue by alginate or to a loss of moisture due 
to partial desiccation during storage. 
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CHAPTER - 6 
SUMMARY AND CONCLUSION 
Bauhinia tomentosa is a woody erect ornamental shrub or small tree, up to 
4-5 m in height, extensively grown in garden for its attractive flowers. Dried 
leaves, flower buds, decoction of roots and bark are used in medicine. Decoction 
of the root bark is used for abdominal troubles and as an anthelmintic, also used as 
fibre, timber, tannin, dye and fodder etc. 
Propagation of Bauhinia tomentosa through seed is unreliable due to seed 
dormancy and poor germination. 
Plant tissue culture technique provides a viable alternative for managing 
these valuable resources in a sustainable manner. Most importantly, 
micropropagation provides an efficient method for ex-situ conservation of plant 
biodiversity and mass multiplication of various plant species from a minimum of 
available plant material which could meet the demand. 
Direct multiple shoot regeneration was achieved from cotyledonary node 
(CN), aseptic and field grown nodal explants, cultured on MS medium containing 
various cytokinins (BA, Kn and 2-iP) solely or in combination with auxins (lAA 
and NAA). Among the different concentration of cytokinins tested, BA (5.0|j,M) 
showed the highest regeneration frequency (84%) and number (9.0 ± 0.63) of 
shoots from CN after 8 weeks of culture. However, addition of auxin at lower 
concentration enhanced the shoot muhiplication rate as well as shoots number. 
Highest number of axillary shoots (16.2 ± 0.20) was achieved on MS medium 
containing BA (5.0^M) and NAA (0.5|iM). 
From aseptic nodal explants, the maximum regeneration frequency (71%) 
with highest number (9.4 ± 1.02) of shoots per explant and shoot length (4.2 ± 0.53 
cm.) was obtained on MS medium augmented with BA (7.5|iM) and NAA (0.5 
Nodal segments from field grown plant were also tested for in vitro 
multiplication in different treatments, representing various combinations of auxin 
and cytokinins. BA (5.0|iM) + NAA (O-S^M) + Ads (50 mg/L"') was found to be 
the optimum for greatest number (10.0 ± 1.37) of shoots per explant. 
The effect of thidiazuron (TDZ) was investigated on multiple shoot 
induction from CN explants. The highest shoot regeneration frequency (62%) and 
maximum number (6.8 ± 0.58) of shoots per explant was recorded on MS medium 
amended with O.S^M TDZ. However, the cultures grown continuously on TDZ 
containing medium formed fasciated and distorted shoots. However, the problem 
was overcome by subculturing such cutures on TDZ free MS medium. 
Nodal segments obtained from in vitro culture were encapsulated in calcium 
alginate hydrogel containing MS medium. 3% sodium alginate and 100 mM 
CaCl2.2H20 were found most suitable for synthetic seed production. MS medium 
supplemented with BA (5.0nM) and NAA (0.5nM) gave the maximum frequency 
(63%) of conversion of encapsulated nodal segments into plantalets with a 
maximum of (4.6 ± 0.33) shoots after 8 weeks of culture. 
Cold storage of synthetic seeds was also carried out at various time period 
(0, 1, 2, 3, 4 and 5 weeks) and it was found that after 4 weeks of cold storage 
(4^0), the percent conversion frequency decreased considerably, 
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The regenerated shoots were rooted satisfactorily on MS liquid medium 
supplemented with 2.5^M IBA and S.OfiM chlorogenic acid. Maximum frequency 
(70%) of root formation and the highest root length (2.3 ± 0.35) has achieved after 
4 weeks. 
The in vitro raised plantlets with well developed shoots and roots were 
successfully acclimatized in sterile soilrite and showed 60% survival ability. 
Pioneering steps to establish protocol for micropropagation in B. tomentosa, 
in vitro leads to the following conclusions: 
1. Seed germination can be enhanced by using in vitro method by using Vz 
medium. 
2. Direct multiple shoot regeneration could be obtained from CN, aseptic 
and field grown nodal explants using cytokinins (BA, Kn, 2-iP) either 
solely or in combination with auxins (lAA and NAA) and an additive 
(Ads). 
3. Direct multiple shoot formation was achieved from CN explants using 
TDZ alone. 
4. Maximum shoot multiplication was achieved on MS medium containing 
BA (5.0^M) + NAA (0.5^M) in CN and BA (7.5 i^M) + NAA (0.5^M) 
in aseptic nodal explants. 
5. BA (5.0fAM) + NAA (0.5|iM) gave maximum response in nodal 
segments obtained from field grown plant. 
6. Best rooting was achieved in liquid culture on fiUer paper bridge with 
IBA (2.5}xM) and chlorogenic acid (5.0|j,M). 
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7. The in vitro regenerated plantlets were successfully hardened off in 
soilrite followed by their transfer to garden soil. 
8. Encapsulated nodal segments showed maximum conversion frequency 
on MS medium containing BA (5.0|aM) and NAA (0.5|j,M) and 
retained their viability even after 4 weeks of storage at 4*^ 0. 
The present study describes the successful production of B. tomentosa in 
sufficient number, highlighting the role of tissue culture in multiplication of this 
economically important multipurpose plant. 
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